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ttoMATED 2-DIMENSIONAL ANALYSIS OF BIOLOGICAL 
Title: AUTOMATED 2 DIM othersaMPLES 

EEU2££ imX!SmmS!i ■ ,-„„ M rned with chromatographic 

^-^^^ t invention is ~ed ^ 

More particularly/ tne y 

materials and methods. Mo p sensi tivity detection of 

concerned with high-resolution separation and tag 

proteins and other biological samples. 

^S^^^^^^^ oined in 199 5 to refer to the total 
^^^^^ Z Zl genome encodes roughly 
pro tein complement of a of ptoteinS . No t all genes 

m0 00 ^ ~ 0 S ughly 10 ,000 proteins are found in any / 
are expose m^l ~ ^ ^ „ expreBsed by an 

particular cell. The ^ ^ ^ environment . 

organism varies between tissues an r im p 0 rtant 

<Wle cell proteome analysis otters * 

flar * to Possible to monitor the distribution m the 

■ , ^electrophoresis and requires protein from rough* . 
dimensional gel electrop and method is required 

miU ion ceU, According an improved pparatu. ^ 
to improve resolution and sensitivity, as well as 
25 which can be ^-d simultaneously. ^ ^ ^ 

Additionally, there is a new 

<• ^ "molecular cytometry". Cytometry » the study of 
here will be identified as molecular y *y d^acterize tumors, 

dividual cells and their contents, and . often used to 
Molecular cytometry uses the chemica , ^ be found 

» rt^:tr^" p ^-— ---- 
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i. o p in -Prognostic cytometry and 
itt malignant potential" (Peters, ^ ^ ^ Coffey and W. Gardner, Eds. 
cyiov a*ol 0g y of prostate cancer^ . ^ , ^ ^ ^ „ From 

Sevier; New ^ ' fc increase the diagnostic 

a therapeutic standpoint it ^ treatment sensit ivity of 

accuracy -earning grade ^ « rf ^ cells from clinical 

tumors. The analyse of total protei p iriformati on, possibly 

. 9 r> electrophoresis provides new 

material using 2-D electr p markerS " (Franzen, B. et al. 

leading to the development of new 

Electrophoresis 16, 1087-89 (1995)). identification of these 

The present invention focuses on ia ... aTW 

■* the molecular alterations that distinguish any 

event,. Resulting knowledge w.H offex the p ' biomalker8 

- — «^ r^r- - — - 

0 therapeutic development U rogra 

US ml ~;l" a "— -ve ^U-d t ha , s^e-ceU 

^ ^ _ 

25 the mean and the d P ^ „ used „ . 

popuUtion. The distnbut.cn of UNA cun, ^ ^ 

30 T „ a cellular population. It may prove that 

-ay be monitored across a e lula P P ^ ^ ^ 

chemotherapy target, a particul- 
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Vip guided to target 

- - — — — "* " 

the surviving cell popu.at.on. _ ^ ^ ,„ prote i„ 

Thirdly, ploidy of a a*** ^ ^ cytometiy 

electrogram. - ^tir ^ conL. of — cel.. CeU* 
with anomalous DNA cu 

elected for study. . . e . cell protein electropherograms may be 

Fourthly, smgle «=" P understandmg of protem 

«— - ft::, tri - • ° n gene 

, expression as a function ot ceu y 

expression and protein turnover. of micro . 

Fifthly, single-cell * connective tissue, 

, it t, out contamination rrom <-u 
dissected tissues J nonmal ig„ant tissues contribute to the 

erythrocytes, Bbrobiasts, * ^ identifi cation of tumor- 

5 protein electrogram of a g P ^ ^ microscoplc 

sp ecific ma^rs more material „ a na ly *ed. 

election of the cell, ensures that on* ^ can also 

Urfy. the technology -e ^ aspirant 

be used to study ^^"^11 — — » 
20 biopsies. Surgical biops.es wjl not be 

mat enalfor2-Dpro.eomeanalys^ „ cor , V entionally 

— » ^ CTpH 7 m C h e« 250. 4007-2! («*»■ A sample rs 

25 years ago (©'Parrell, PH.. J. _ d fey tube isoelecmc 

25 homogenized and protemsare extracted ^ ^ ^ SDS-PAGE gel. 
focusing. The gel is removed from the 

where the proteins are create a „ display of spots 

gel. After separanon. proteins ar ^ manoal 

30 technology is »»^££Z by Edman protein sequencing, by mass 
eiectrophoresrs can ^ ^ . partial amino a cid sequence rs 

spectrometry, or t»y im 
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Coteom sw.ch.ng techngy In ^ 

g as and **** ~ t0 ^J:: g ^Ip-n. ' f — is captured 
Lpies, system, a fracuon—n g *e ^ ^ ad<JWonal 

as a e.utes from .he first — - ^ of pulity . 

^tc^sep^onsto ac^e * ^ _ ^ 

These mulndunen^onal P ^ 

jrom ,he first — . These 2-D tec^ ^ 
, ch aracter„ing - a. P 

recessive chromatography sups P ^ ft> Minabe , 

phytic digest of a — S (1989); „hi. N., TaWahashi, V., 

Ofcuyama, T.. J. C>— ^ ^ 

PutI ,am,r.W.J.Ch rom «t»r «6.511Z t ^ develo ped elegant 

Jorgenson and „ ondes (Bushey, M.M- =>nd 

1 H „„. fot proteins and pepnaes i» 

m »lUcolumn separates P LaIMim , ,.P., Lemmo. A.V.. 

jorgenson, ,.W. ^^^J^^ 14 . 439-47 (1993); HoUand^ 

Moore, A.W., Jorgenson, .W Etart » ^ A . w . and 

L .A. and Jorgenson. J.W. ^ ^ A . w . and Jorgenson. 

20 ,or g enson, J.W. A- <*«. teck , G ., AM , Ck«. 

, w . A „ o! c*». 67. 3456-S3C 95, K £ J of s*e 

«. 2 5 2 9-36 (1 994), These sys «n s J „, ography , and Z one 
elusion chromatography, rev P ^ g ^ (he mo8t 

e.ectrophoresis to characters arrnne^ PP^ ^ ^ componente 
25 sophisticated version, a mass spec chromatography or 

separated by . -pled ion exchang rev- P (0piteck , G .,.. Lewis. 

Z- ^'^-^XTZtL \ ~ ^ 

K.C.. Jorgenson. J.W.. Anderegg. W- /* fi? ^ (1997); Uu . 

G.J., jorgenson. J.W, A"™^ * ^ (W96 „. 
30 V.M.andSweed,e,,.V.A M ^ ^ ^ . 

microbore chromatography 



electrophoresis capiUary wh -o — : m ; ofl „.o gI a P Mc 
Since electrophoresis is faster " are sample d by the 
p ea>, ail comments .from Jogram - — * by 

electrophoresis cap.Uary. A ^ ^ appeliriin ce 

5 plotting the electrophoresis «P»~" 2 . p e ,ec.ropherogram, 

albeit generatea oy 

electrophoresis. several advantages over 

The sequential separatum offers se 
, 2D electrophoresis, where fragments P 

- ;:::r- — r:r„ 

operator intervention is ke y to the 

Th e inter,,* ■**-«» demonstIated an elegan, flow- 
performance of the system. Jorgenson ^ ^ 

U .terrace to couple a — ^ ^ 69 , 

eiectrophoresis column ^ ^ c)l£M . 65 , 

4l3Ma (1997); „, A.V. an J g ^ controi inject . ons of , he 

20 (1993)). This interface uses a cross Ho ^ ^ ^ electroph oresis (CZB) 

eluted chromatography fraction capillary and is 

column. The effluent continuaUy . fraction into the 

SW e P t to was. by the ^ 1 a ' sUlg „ f HHT e« .uem 

CZE capillary, the cross-flow of buffer . h ^ ^ ^ 

25 forms in the interface. Potential » ^ ^ ^ ^ ^ 

CZE capiliary to the de.ect.on end of the F • J ^ ^ 

effluent rnto me electrophoresrs . » ^ To ^ 

electrophoresis capillary to sep» ^ ^ ^ electrophore6 is 

continuous injection of me .„ pm ,i„ e HPLC effluent to waste. 

30 step, buffer flows through the Interfax swe^ng ^ ^ 

No ,e tha, the flow-gated detector ^ fc of . laIge 

whicn „ washed - -~. 
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part of the sample. 



The present .nven. on P of 

to ob ,ain high — n t Vesica. 

5 proteins and other components — e 

Other ««- --^ ed descriprton . It sho uld he 

understood, however «... bodlBieBl . of the invention are 

examples while ind.ca.mg ^ changes and modifications 

10 wUhecome apparent to those 

within the spint and scope o 

r detailed description, 

skilled in the art from th.s de.a.1 ^ t inventIon , 

In ■ CCOrd "*o P. vide separation and detection of 
there i5 provided an ^°JJ^ a first separation 

1S components «*» a sample, the PP ^ ^ ^ 

means, an interface means, and sec P ^ ^ 

interface means links the ^^T^ to me app aratus. 
^d a detector for detectmg components su , ^ 

The apparatus can mclude a B 

first separation means and a secon & 
20 source connected across the to ^ ^ means . 

voltage power source connec elecrr ophoresis system 

Further, the first separation means can b P J oresis system. 

^ the second separauon means can he a s. g ^ ^ 

Another aspect .MtaP ^ of 

25 apparatus for providing high sensit y ^ 
biological samples, the apparatus comp »• 

isoelectric focusing 

m eans. each .-^^^L^ «- electrophoresis system, a 
electrophores* systems, SDS p y y e]ectrokinetl c 
free solution electrophores.s , ^ ^ „ togr aphy system, a 
30 chromatography systen, a ™™ ^ ^ ^ ^ chromatography 
normal phase chromatography y 
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in w hich components separated ^ ^ ^ ^ ^ separa ,ion 

wl ,h a deriving agent pnor , orm ,he fir* 

— - ° f a zi"^t:JT^ — — -* * 

5 8ep arauon means, and one ot 

perform the second s includeS a plurality of first 

Advantageously, the app man ifold 
. olurality of second separation means, ana 
separation means, a plurality inter f a ce region providing an 

10 interface between a respective one 

active one of the second ^ ^ for con , ecti on to 

The manifold can com P con nection to a 

buff er reservoirs and ^ ~ the inie, to the 

desired buffer reservo.r; a ch ^ . pMt 

15 plurality of interface regions, where ^ ^ a ^ fM 

- — r rjx^ - - — and a 

connection to a respective 

waste port. invention provides a 

A further aspect ot tne P _.,hod 
v and detecting components in a sample, the metho 
20 method of separating and dete< : g P wWch consis ts of high 

comprising subjecting »' d S ^ ^ of components within 
resolution separation and h,gh sensrtw y ^ ^ ^ 

a sam P .e, the apparatus «^'l,d a detector for detecting components 
means, a second separate means an ^ ^ ^ ^ ^ 

K subjected to the •*~?^JZ paration means. the method comprising 
sep ar,«on means and the s« P ^ ^ ,„ achieve 

passing the bioiogical sample tfcroug ^ ^ ^ ^ 

a first separation, passing the samp ^ ^ 

th e interface means, separating ^ SKond paration 

30 means, and separately passmg each frachon 
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, . hi eh solution separation and high sens.fv.ty 
comprises Pt ov. h f J° samples , the method comprising: 
, detection of con. P~^° b 8 iological sample through a first separation 

„ f T X group consisting at. isoelectric focusmg 
means seated from ^ 8 ^ Umide gel ele ctro P horesis system, a 
electrophores* systems, SD5 po>y y mice llar electrokinetic 

fre£ solu ,ion -^^J^*^-..-^^-.- 
.0 chromatography system, a revers p exchange chromatography 

norma! phase chromatography system, an .on «* 

H , size exclusion chromatography system, 
system, and a srzeexc ^ ^ ^ rf ^ ^ sepaiatIon m eans 

--^'"^^".ion separated through a second 

15 (C) P assmg . f . „ nf . ; soe lectric focusing 

, j r,^-,, *He eroup consisting ot. lsoeiecun. 
separation means srfec*d * m the g P^ 

electrophores* systems. SDS p y V elect rokinet.c 

free 501ut ion --t::redph^ 

chromatography system, a revers p ex(;han „ chromatography 

20 norma! phase chromatography system, an .on exch g 

system , and a size exclusion chromatography ^ ^ 
(d ) detecting components of the p 
„ means with a detector, wherein the method mcludes 
second separate means w. ^ ^ second 

applying voltages across sa.d hrst sepa 

25 SepaMtt0n mcth od can further comprise providing a plurality of 

« and a plurality of second separation means and a 
** S ^ rati ° n - * -1 interface means providing a lit* 

piurality of interface ^ means ^ resp ecuve one of 

between a respecve one of the f«s J ^ 

, 0 the second ^^^^ mea ns linked hy a respective 
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« orovidine the manifold with an rnlet, for 
m eans in a — n marafoid prov^ ^ 

connection to buffer reserved a val lhe 
connection to a desired buffer reservorr, chann 

coveted to the ^ manifo]d , whereby , h e same buffer 

. :::::: : - * *. — - « 

• 9ttps _ , - - tr^idin, a P ,ana rr 

with a plurality Of -^^JS - - — 
first separation means w* captllary tubes ha immobiUz aHon 

agents on the planar surface, ^ ^ oM 

providing • biologica! sample on the plan ^ ^ 

eel, is captured by each immobilUatron agent^ £ aUgru g 

- -r* tj£" rr - - - « 

25 agCnt S ' ,eS ' ^ footing a firs, separation in each capillary tube. 

.paratron means^ e« ^ ^ ^ ^ ^ p , 

«„ara.ion and detection of components for the 
. manifold for use m separation connec «on to buffer 

sampie, the manifold com P r.s,ng ^ an n,le ^ ^ ^ 

30 reservoirs and ^J^JZ^ZL. - - " ' 
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a oort for connection to a second 
connection to a first separation means, a port 
separation mean, and a third, waste port. 

md in which: ^ i show8 ^ schemaHc repre9en ,ation of an 



cuvette detector. 
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or other components contained ^ „ 'ided . firs, pension 
embodiment of the present .nventro * .her : V ^ „ by 

se p a „«on. i^f^^rLi-. «. «- — - 

— 8 Jo . numher of — — - 

TI ^e *e fraction is introduced into the 
directed to an interface ^ ^^^^ separation means 
interface, flow is interrupted from he to derivaUz in g 
a nd the components within each frac c are m, ^ 
reagent, preferably a fluorc^.-Ubclhng reagen 
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, x *h« subiected to a second-dimension separation. This 

first-dimension separation means. According 
>*» °" fraCOOn v T I Jo separatil means shouU separate 
lo . preferred - - — C « 

components based on dtffe« P ^ „ used to 

SSM Tp" focusing y sepals proteins 

separate prote,ns. point while gel electrophoresis 

based on differences » Jh « < Amative*, an electrophoresis 

,es -P— ge l electrophoresis, isoelectric 
techmque such as SDS p y ry electIoph ore S is could be 

focusing, isotachophoresis, or free solu 
combined with a chromatographic separation technique s »* 

phase chromatography, normal phase '^"^J™^ f m 
y i olprtrotshoresis technique is prererrea iui 

chromatography. In genera,, ar , **op 

th e firs,- dimension "across the capillary. In contrast, 

simply by removing the electric ue 

^ ■ „ , i n „» time to depressunze, and their now 

chromatographic systems require a long time to d p 

„ much more ^ . ^ mgrate or elute from the 

, end of the second-dimension separation means. ^ 

, ™ Laser-induced fluorescence is preferred, but other tecnruq 
column. Laser indu electroc hemical, or mass spectrometnc 

T b r::r~" d - - — «, be an 

Tlntag us combination; fluorescence provides high sensitivity and 
5 m^ spectrometry provides additiona, information •» ** 

( ir — : — — : e r r :::: 
- =^rr-^d^r:rrr 

component w>th one « , ^ ^ relgent 

extent of labelling ~ith high precision, 
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^ . H „ th£ second dimension separation column but before 
can be added after the „„ re agent is 

detection. Post-column reactions "J^^Z***™**" separation 

^--T^-J^Sirl*- — A ,so, the 
means can -"^^ colunm Ieact ors because the flow is 

5 — —J *e reaction is not as efficient, ,ess fluorescent 

no, rnterrupted. s a „ ^ reagents 

prod uct * ^ „ ^ backgroU nd 

;;; p ;;t - — — — — es reagent - d 

» ^^^r^TS - ^*. of the invention uses 
, , > focusing electrophoresis and sieving electrophoresis as the two 
T leTr While others can be used, this combination is most 
separation means, wnn 8 l a b-gel format for 

— * - -chemical co— - * ^ J ily apprecia ,e 
15 analysis of protein mixtures. Those staUed ^ ^ 

tha : ° thei — —~ 

techniques of SDS gel chromatography, ion 

normal phase ^^^J^ chrom a,ography can be 
exchange chromatography ~ size e electrophoreti c firs t 

20 combined in any combination, preter o y 

dimension. 

Single Cell Analysis 

Tne inventors have been invoived in single-cell analys, 
ta r the past three year, Most o, their wo. has ^ - — - 
« oligosaccha.de -^7^^ ^ X,. e, a,. , 
242 (1 " >; ^ ' " 15 2 (19 Chan, K.W.C. et al. Oyc^ 5, --SB 

„L high sensutvity «— 
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micromampulafors. A tr P ^ observatl0n of 

and inferfaced wi* *. --"r« *e capillary over - eel, 
the cell by transmission microscopy F ^ ^ & ^ 

runs. . . nhocphate-buffered saline 

A drop of cell suspension in phospna 

.lide Cells are observed with an inverted 
solution is placed on a microscope ^ 

— - ^^^iTZLy (20 mm diameter) witb a 

^/ A s^ — ° f — is r ed : 

flat tip over the cell. A com P and a small 

slug of superna.an, J ^ ^Lrnafed *- — « 

- - about ™ 2 » *. ~ r 

• ,»n,s for further analysis. The capillary tip » placed rn 
, lysed .o release * cont»* - ^ ^ ^ bath . ^ 

a buffer-filled v»l. wh.ch was the p transfeI of the 

meth od is oui.e efficien, in lysmg *e ' ^ ^ 

B its :is P - *, - - * — — - 

capillary. hin 30 seConds of contact 

Human cancer cells are iys«=« 

, *,„ a „rfactant is rapid and reproducible. A 
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difficult. On the other hand, the nuge *i 

dimcuK. -.-dest data acquisition rate. To 

oroteome analysis in the first generation instrument. 

P A fine-needle aspirant biopsy is spread on a nucroscop* 

6lide and viewed with an inverted —ope. The cells are often d»»P- 
when observed under the microscope. The cells are d.spersed as a d„u,e 
« is important tha, the ceils are not in Cose probity, so *at 
position of adjacent cells is no, d^rb edbythe 

cellulose will be added to the suspension buffer to ens 

not m ove before ^ „ ^ with stepp er-mo,or 

drlve n in micrometers. These micrometers are 

so mat a user can scan the image field in precise xncrements. A foot button 
Z U b. depressed to indicate .he location of a cell that is to be analyze* A 
lolputer will record the position of that cell. Once a set of h-b- 
Lsl for analysis, an injection /electrophoresis program wUl be aCvatec, 
T^i program will drive the micrometers so that each cell „ moved. » 
^cceln, to the center o, the field-of-view of the microscope. The ceUs are 
photographed with a CCD camera mounted on the microscope, the ,mage . 

and stored so that i, can be used later for companson w„h the 
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inspection and the DNA content of the cel. will be estimated based on 
Z es ence from the dye. The use of Hoesch 33342 fluorescent dye 
(MO ecular Probes, Eugene, Oregon. USA, is preferred, which * P™"° 
cells and which does no, reouire that cells be fixed before s« 
Z the dye is only excited in the UV, so tha, no bleaching wU occur 
lis P "L— -F— " ' iHumina,ion. The 
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microscope will be equipped with a photomultiplier tube to measure 
fluorescence in a XO-un, diameter region in the center of the rmcroscope . 

fieW "° f " VieW - The micrometer position will be automatically adjust to 
maximize fluorescence from .he ceU, ensuring that the ^P^ly 
centered in the f ield-of-view. In our microscope, the DNA s« m . 
photobleached over a X-m.nu,e illumination period. We anticpate 
will take 10 seconds to adjust the cell's position to *e 
fluorescence signal and capture the peak intensity. The DNA fluorescence 
wil , be used to determine the cell's ploidy. If approbate, only ceUs w^h 
specific ploidy will be taken for subsequent injection into 

electrophoresis capillary. 

Each cell that matches the specified criteria >s injected into 
me separation capillary. Both flat-tipped and etched-tip capillaries have 
been investigated for injection. The capillary will be P««»-^ 
over the center of the field of view of the microscope, which will 
correspond to the location o, the ceil of interest. The «P 
iowered to the microscope slide to surround the cell. A solenoid a, the 
distal end of the capillary will be opened for 1 second, exposing : «tat end of 
the capillary to the house-vacuum and drawing the cell into the capillar^ 
Of course, for mulHple capillaries (detailed below, all other cap.llar.es and 
reservoirs will have their flow blocked a, this point ,o ensure successful cell 

mjection. ^ ^vidual capiUary or group of capillaries will then be 

; moved to a set of buffer reservoirs. If the cell was predated with FQ to 
Ubel cytoplasmic proteins for X-D electrophoresis of if the cell is to be 
subjected to 2-D electrophoresis, the first reservoir will contain only a 
TWEEN-20 solution to lyse the cell. Unlike SDS, the non-ionic detergent 
does no, interfere in subsequent isoelectric focusing electrophoresis. If all 
„ the cell's proteins are to be labeUed on-column before a 1-D separation, the 
Hrst reservoir will contain both the lysing reagent and the denvatizing 
rease n, s . A nanoli** of *i- »"> b * H«-d **> *»» ^ 
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cell lysis * exited to be complete within 30 second, The capiUary tip will 
men e P .aced in an approprrate running buffer. If 1-D free-solution 
Ltrophlsis is permed, that buffer wi„ be a basic SDS-phosphate 
buffer If capillary isoelectric focusing is the first dimens.on of a 2-D 
5 analysis, then an acidic anolyte will be used as the buffer. 

Once the separation is complete, the next cell W.11 be 
m oved to the microscope's field-of-view. a photograph will be taker, 
fluorescence will be measured, and the ceil wi.l be analyzed by 
electrophoresis. The procedure wUlbe repeated for all of the cells that were 
„ specified by the pathologist. To prevent evaporation of the eel, suspense 
buffer, the cell chamber will be Kept in a constant humidity chamber. 
Single Capillary Embodiment 

Referring first to Figure 1, there is shown an apparatus 10, 
including firs, dimension separation column 12 and a second dimension 
15 separation column 14. In known manner, the two separation columns 12, 
14 are capillaries, with an internal diameter of 10 to 75 urn. 

The first dimension separation 12, as noted above, uses 
Metric focusing. For this purpose, the column » is filled with a mixture 
„ f ampholites. A first high voltage source 16 is connected, as 
20 to one end of the column 12 and as indicated a, 20 to an interface 22. The 
interface 22 is detailed further below, and is connected to both the columns 

12, 14 as shown. , ^ . 

A second high voltage source 24 is connected to the 

interface 22, as indicated at 26, and as shown a, 28, to the other end of the 

25 second dimension column 14. 

The interface 22 is shown in detail in Figure 2 and ,s 
constructed from an inert, non-conducting material, such as a high quality 
plastic. Four holes 30 are machined in the plastic and are connected by bores 
32 to form a cross configuration. As indicated schematically, the holes are 

30 preferably eouipped with a ferrule system or some other means of seahng 
ft. capillary tubing in place. The dimensions of the holes 30 and bores 32 
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sh ou,d be small, wt* 1— 30 being preferably less than 1 nun m dtame 
and the bores 32. 0.2 mm in diameter. The capMary column, 12, 1. are 
shown schematically in Figure 2. connected to the high vortage source. 16 
24 The connections 20, 26 of the high voltage sources are shown here 
5 connected to a drain or waste line 34 for a buffer solution, that is also betng 

shown in Figure 1. 

A buffer inlet 36 is connected to pneumatically controlled 

switching valve 38, which canbe switched between four positions. Three of 
mese positions provide a connection to one of three buffer reservo,rs 40, 42 
10 and 44. A four* position connects the valve 38 to a blocked flow port 46. 

Th e buffer reservoirs 40, 42 and 44 are placed above the 
pneumatic valve 38. so that flow from the buffer reservoirs can pass 
Lough the interface 22 by gravity. The valve 38 is pneumaucally swt.ched 
to avoid electric shock hazard from the potential app.ied *■«"««« 
„ electrophoresis steps. Similarly, the buffer reservoirs 40. 42 and 44 should be 
enclosed safely in an interlocked equipped chamber to avord accdental 
contact during the electrophoresis steps. 

In the apparatus 10, a sample is injected by placmg it m 
solution in contact with one end of the capillary 12 and applying a brief 
20 electric field pulse. Alternatively, pressure may be used to fill a porfcon of 
me capillary 12 with sample. Once the sample has been applied, the sample 
is replaced with a running buffer (no. shown, and electric field is apphed by 
the source 16 across the first-dimension separation column 12; separation » 
thereby performed. According to the technique of isoelectric focusing whrch 
25 is known by those skilled in the art, the capillary 12 is filled with a mixture 
of ampholytes which are complex mixtures of compounds with both weak 
acid and weak base functional groups. Ampholites can be mixed with the 
sample and the mixture used to fill the capillary 12. Alternatively, they can 
be used to fill the majority of the capillary and the sample may be injected 

30 later. , ... 

Once the capillary 12 is filled with sample and ampholites, 

the sam ple-end of *e capillary i. repl^d with , sodium hydroxide (or 
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„ filled with phosphoric acid (or «*~ ~ Lde of ,he h ig h 

app ro P riate one - the — » ^ ^ „. cathode „ 

vol ,a S e power^upp 6 s conn c ^ ^ voiuge ^ appUe<J to 

connected to the base end. A contained in 

cause a P H gradient to form ^ - a ^J re tne pH eouals the 

th e sampled -ve « '»£^£J « ^ is correlated with a 
protein's i-d-nc pom, „ ieaches about 10% or 

drop of current across the capillary, 
,ess of its initial value. the volta^ supply 1 * turned 

D ^ g the isoelectric ™, T the wa-up 

* - solunonfrom = flow con— at a low 

urn rrz: ^ - — « - — - 

; is applied across me isoelectric capillary 12. 

Mobilisation of fraction to interface 

The separated fractions are successively mobbed from 
Hon caoillary into the interface. While several 

methods ,0 * ^ ^ _ roelhods are in no way 

" ZZ'SZIZZI Cher effective methods of mobile are also 
wit h the scope of ^ - — ^ „. 

o( the firs, dimension ^ ^ 

, • t ^ rp^ure electro-osmosis and to reauce r 
25 matenal to reduce elec ^ ^ ^ the 

t he capillary rnteno, In to «*I P ^ ^ 

tet ~:p:ir,:C"i - « ~ — 

pressure can be applie ^ dim<jnslon 

Hillary. In . basic ^P"^*; ^centimetres above the level of 
3 0 TTi: ^X w^la liP- to cause the sample to flow 
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sample end of the firs, dimension separation capillary « can be lowered to 
X the now to cease — - appropriate fraction of the first d_ 
separation capillary's contents have flown into the tnterface 22. » 
dTs ral to apply eTectric field during this step to keep the proteins focused 
5 t sharp banl L electric field can he removed once the aliouot has been 

delivered to the interface 22. « - i 

According to an alternative embodiment, a chermcal 
m eans can be used to urge a fraction of the firs, dimension separation 
Tapmary s contents into the interface. According to this embodunent, the 
10 ^-containing solution at the interface end of the firs, d— n 
separation capillary 12 is replaced with an appropriate has. buffer rn.de 
from for example, a dilute sodium hydroxide solution. Thvs change „ pH o 
, he solution causes the contents of the capillary to migrate toward the 
Interface when an electric field is applied across the first dtmenston 

15 mPma0n "^lording to yet another embodiment, if the interior of the 

*ii no ; c treated with a neutral coating, 
first dimension separation capillary 12 .s not treated wvm 

fc „ electro-osmosis will drive ana.yte from the capillary durmg the 
focusing step. According to the embodiment, the po.ariues would be 
20 reversed in figure 1 to ensure that the interface is a, basrc P H. 

Once isoelectric focusing is completed, .t >s necessary to 
mobilize and label fractions from the isoelectric focusing capillary. A bas,c 
buffer is mixed with fluorescent derivatizing reagent (most den—g 
reagents retire basic buffers) and is placed in the buffer reservorr 42. The 
25 interface should be flushed with the basic buffer/labelling reagent and then 
tne flow from the reservoirs 40,42, 44 should be blocked; no flow 
during the step where fractions are mobilized from the ~ 
capillary. Electric field is applied across the isoelectric focusmg captUary for a 
short period (500-5000 V for 1-10 seconds), driving a fraction from the 
30 isoelectric focusing capillary into the interface to mix with the denvat.zmg 
reagent. Once the fraction has been introduced to the interface, the electnc 
field is turned off. 
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Regardless of the method used, once a predetermined 
portion of the first-dimension separation co.umn has migrated to *. 
interface 22. remova, o, the electric field from high voltage supply 6 w U 
mre , ..^ fV , at ;<5 transferred to the interface 

terminate flow. Each aliquot or fraction that * trustor 

, 22 would have a volume that is between about 0. 1% and about 5 /. of the 
volume of the capillary. Larger volumes result in mixing of componen 
that migrate from the firs, dimension separation co!umn wh,le smaller 
volume! result in the analysis of many samples with a correspond 
increase in total analysis time. 
, . Labelling of fraction 

Once the fraction of the first dimension separatum 
capillary has been introduced to the interface, a plug of an appropriate 
derivatLg reagent is introduced into the interface. By appropr»U 
derivations agent it is mean, that the reagent reacts with the ma ena 
15 separated by the firs, dimension separation capillary. For the analys is of 
proteins, this reagent could be s-p-furoyDqumo^-carboxaldehyde (FQ>. 
fluorescein su.fony! chloride, ortho-phthaldialdehyde or the 1*. 
Alternatively, if the compound is fluorescent, derivation w„l not b 
necessary. It usually will be convenient to control the temperature of the 
20 interface; often, the interface should be heated to speed the reaction. Other 
derivatizing agents will be known to those skilled in the ar, 

The temperature of the interface can be increased .o 50 C 
to increase the speed of the fluorescence derivatizing reaction^ Either the 
entire interface can be heated or jus. the portion corresponding to the 

25 intersection of the two holes. 

Once the fluorescent derivatizing reaction is complete, the 

labelled samp.e must be injected into the SDS-ge. capillary 14. Electric field 
„ applied to the detection end o, the SDS-gel capillary by the ° 
corlLon 2S. The second electrode or connection 26 is in contact with he 
30 waste outlet 34 of the interface 22. Stacking occurs during imectiorv Most, if 
not all, of the labelled fraction from the isoelectric focusing capillary 12 
injected into the SDS-grf c« P Ul«y 1* »* * P lu S 
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Once the derivarizing reaction is complete, the interface's 
contents shouU be applied by injection or other appropriate means to the 
second dimension separation capillary. 

Second Dimension Separation 
s Once the sample has been applied to the second dimension 

separation capillary 14, the interface 22 is preferably flushed with an 
appropriate separation buffer which is used in the second dtmens.on 
separation. According to a preferred embodiment, this buffer is 5 mM 
HEPES containing 5 mM SDS ( P H 8), again supplied from an appropriate 

10 one of the buffer reservoirs 40, 42 and 44. 

The second dimension separation is performed by s,ev.ng 
electrophoresis. According to this embodiment, the capillary 14 is filled 
with an inert polymer. Those skilled in the ar, will appreciate what are 
appropriate polymers and that they include polymers such as 
15 polyacrylamide, dextran, or the like. Dextran is preferred because .. has 
relatively low viscosity and can easily be pumped into and ou, of the second 
dimension separation capillary to rejuvenate that co!umn as needed^ 
Sieving electrophoresis is performed in the presence of. charged surfactant 
such as sodium dodecy! sulfate (SDS) or the like. This surfactant binds to the 
20 protein at the rate of roughly 1.4 g SDS to 1 g protein. This surfactant 
S wamps the charge of the protein, creating a uniform charge along he 
protein length. When the protein passes through the sieving polymer-fuled 
capillary, the migration time of the protein is proportional to the logarithm 
of molecular weight, with small proteins migrating firs, and larger protems 
25 migrating later. 

Once the sample is injected into the SDS-gel capillary, the 
SDS-gel buffer is passed through the interface from buffer reservoir 44Jh.s 
buffer should flow a. a !ow rate (less man 10 mL/hour) during the SDS-gel 
electrophoresis separation to minimize build-up of electrolysis products. 
30 High voltage is applied across the SDS-gel capillary to separate the 

fluorescently labelled proteins. 

Settlor, is a cHie~ e <i by apP lyir* S a pot^tial across the 
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second dimension separation capillary U ten. the high voltage »,« 24. 
Preferably, a. this rime there is no potential across the first capulary 12. 
Proteins, or other components, that migrate from the second dimension 
separation capillary 14 are according to a preferred embodunent detected 
Jft a high sensitivity fluorescence detector (not shown). Other detechon 
methods include absorbance, electrochemical, radiochemical, or mass 

spectroscopic means. 

In this preferred embodiment detection will be achieved by 

a high sensitivity laser-induced fluorescence detector. This detector would 
be buil, from a sheath flow cuvette (Wu, S., Dovichi, N.J., J«r«I of 
Cfcr.««..««,*» 480, 141-155 (1989,). Preferably, the laser wavelength 
should match the excitation wavelength o, the labelled analyte and the 
emission wavelength should match the emission characteristics of the 
labelled analyte. 

Upon completion of the SDS-gel separation, the capillary 
!4 should be flushed with fresh sieving media. The pneumatic valve 38 is 
turn ed to the blocked position 46, and fresh media should be pushed 
through the capillary from the detector. 

A new fraction from the isoelectric focusing capillary 12 is 
xnobilized into the interface, labelled, and separated by SDS-gel 
electrophoresis. This process is repeated until the entire contents of the 
iBoelectric focusing capillary 12 have been analyzed. 

Computer Reconstruction 

The data resulting from the invention consist of sets of 
5 SDS-gel electrograms: each electropherogram from successive 
fractions of the isoelectric focusing capillary. According to a preferred 
embodiment, these data can be presented as a raster image to generate a 2~ 
dimensional map of proteins from the sample. 

This is shown in Figure 3, where sample injection is 
,0 shown at 50 and a detector at 52. The columns 12, 14 and interface 22 bear 
the same reference numerals. At 54, there is shown a schematic two- 
dimensional computerised reconstruction 
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Laser-induced fluorescence detectors are used. These 
detectors, based on a sheath flow cuvette, provide g ood sensitivity. We use 
argon-ion User beam at 488 n, for excitation; these Users are 
reasonably rugged and provide good beam quality. 

The instrument will be equipped w:th a two-colour 

T , ic Sector uses a dichroic filter to split 
fluorescence detector. This detector use* 

lence into - spectral - «— »~ * — *j£ 

«ence from FQ-labe.led proteins in a 30-nm band 
A second spectral chapel win monitor fluorescence » a 25-nm band 
leered a, L nm from fluorescein-labelled proteins. Fluorescence from 
Tfluorescein-iabeUed interna, standard proteins will be used as markers 
in the 2-V separation to correct for drift in migration « dunng and 
between assay, ^ ^ ^ ^ ^ ^ „ 

th e Nationa, Inst.tute of Hea.th (USA), is public domain software that has 
In developed to visually compare 2-D eiectropherograms. For 
p eliminary identification of proteins with significantly different expression 
Lels in different samples, we wiU correct migration pattern* phased on the 
appearance of the fluorescein-labeUed standard proteins. We wrl. then 
convert the data to a GIF format and compare files using Flicker. 

The QUEST (Monardo, F.J., Bou.ell, T.. Garrels, Jl, Latter. 
G1 Campus A rrHc,Ho„s ,„ *, Bioscience, 10, U7-M3 (1994)) and Visage 
Sstribled by MAYA Design Group, Pittsburgh. PA, USA, systems have 
Lo been developed for 2-V ge, analysis. However, for quanUta- 
; identification of those components that differ between samples. MatlaK 
supplied by The Ma.hwor.cs, Inc.. Natick. Massachusetts. USA, is used to 
bid our own image processing software. After migration patterns hav 
been corrected based on the migration o, standard protems, a peak-hnd,ng 
algorithm will be used to locate and quantify each protein peak. 
0 The concentration of each component wil. be measured 

and recorded from several samples, and the average and standard devUtfon 



-24- 



, tts , or a Behrens-Fisher t-,es, will be used to identify those proteins whose 
lotion varies signify between samples (Robinson et 

Electrophoresis 16, 1176-83 (1995)). 

The 2-D capillary electrophoresis system will be used to 
5 analyze small amounts of protein.. Mass-spectrometric analysis of fracas 
wul be difficult. To identify fractions, dassic 2-D e.ec«rophores, S on a large 
will be mine fluorescent protein 

«11 extract is simultaneously performed. The same ,/_„ e 

makers used in the capillary system will be added ,0 the sample These 
«en, proteins wil. be used to normalize migration times so tha, he 
10 ZZy 2- D and the s.ab 2-D electrophoresis data can be directly compa^ 
clmplnts of interest wU> be isolated from the slab 2-D * 
^Tspec— - -in^d with the sam P ,e in the capillary system 
,o confirm the identity of the component in the capillary data. 
Multiple Capillary Embodiment 

Referring to Figure 4, , second embodiment of the 
apparatus is indicated generally by the reference 6a This includes the 
Jservoirs 40, 42 and 44, the pneumatic valve 38 and the blocked flow port 

A z; a , f or the first embodiment. 

,n the second embodiment 60, a manifold 62 is prov.ded. 

20 replacing the interface 22 for the single capillary pair operation of Figures 1 
20 2 2 L for the interface 2, the manifo.d 62 can be formed m P as«c gla^ 
silicone or other suitable material. Conveniently, the manifold 62 s fonned 
ulg photo lithographic techniques, to generate a se, of channels indicated 
:,r t o distribute reagents. The channel 64 can be from 10-200 micrometers 

" * ^ ^rlifold 62 provides a p.urality of interface regions 

o6 , each having three connection ports, for connection to first and second 

columns and to a waste line. 

A single interface region 66 is shown enlarged on the right 

30 hand side of Figure 4. At the top. this region 66 includes an inle, 68 for a 
b"fer o! reagent from one of the reservoirs 40. 42 and 44. A connection port 
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connection port 74 is provided for connection to a second coiumn 14. A 
centra, port 7, is provided tor connecuo, £ a waste ^ - 
Thus, each interface region 66 can tunraon 

♦ However here, this multiple capillary detector 
-7-7 4t-> the first embodiment. However, nere, r 
22 in the hrst em capiU aries. There may be 

5 60 can be used to analyze signals from an array or p of 

as many as 96, or some multiple of 96, capillary-systems (that * pairs 
capillaries 12, 14) operated in parallel. 
Interface 

Operation of a multiple capillary system, except for specmc 
„ system dependent difference, is anaiogous to that of the single canary 
a j in the Detailed Description of Example 1- Briefly, 

Mp i„ary. Once the components are focused to their .soeiectnc pom, the 

15 ^ Md " Tfr'alL of the isoelectric focusing capiUary's contents is 
mob i ta ed hy fining the interface region with basic -"^c 
iabeUing reagent. An electric fieid is briefly apphed across the .soelectnc 
focusing capillary to mobilize a fraction to the interface. 

The temperature of the interface may be ra*ed to a level 

. the rate of the fluorescent labelling reaction. Once the 

sufficient to increase the rate 01 me c DS -eel 
reaction is complete, the iabeUed molecules are appi.eo to the SDS gei 
capillary by creating an electric field across the S» gel capdlary. 
P Once the sample is applied to the SDS-gel capulary. the 

25 interface chamber is flushed with an appropriate buffer. Electric field is 
across the SD^ge, capiUary to separate the components contamed 

*■ ,abdle "d aspect of a preferred embodiment of a muitiple 

• « „f the present invention is a multiple capillary 
camllarv version ot tne prescm 

capillary Accordi ng to this embodiment of the invention, the 

30 fluorescence detector. According io 

. i. *v,,* ^ocrribed in US patents 5,439,5/8, 9,oo%,yo£., 

detector may be similar to that described m u y 

detector y 294 tKe co „ te ~ te of wHicH are incorporated by 

5,741,412, or preferably 5,567,291, tne * 
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TBl ~ For multiple capillary option, an array of antibodies is 

c 1iHp The immobilization technology will be 
prepared on a microscope slide. The im coated 

based on classic microphotolithography. A clean micros p 
with . thin layer d P^o-resist. The .esist is 

through a mask that has 96 spots, 5-^xn diameter, on 1-mm centers in a 
™ The opaque spots will shadow the photo-resist, preventing photo- 
12 array- The , illurnina ted resist will polymerize 

polymerization at those regions. The ilium 

i or W resist will be washed from the 96 spots. The slide 

the glas s surface p ^ ^ amino . propyl ^ 

Ant.bod.as will othn< and possMy betteI , 

ture 96 cells The 5-um diameter pads are sufficiently small to ensure 
r lilcaryotic cTl, wU, be caphired at each pad. Onc e a ceU Has been 
captured, i, will bloc, adsorption of a second cell at tha, locahorv 

Many different antibodies could be used to select a surface 
m ar k er, isolating and concentrate specific cells. This 
u5 ed to immobilize an antibody to human blood-group ^ 
will capture HT29 cells, which express the antigen on their cell-surface. 
S Other capture reagents, such as lectins and aptamers could be used. 

The microscope slide is held in a machined holder, which 
wi ll locate the slide precisely on the microscope stage. Each pad wUlbe 
seauentiaUy centered in the field-of-view and a photograph wU, be taken 
us l s a CCD camera. Th. images wU, be stored for later inspection . by a 
>0 " hologist. Simultaneously, the UV fluorescence signa. from each eel, w* 
JO patno g anticipate that 15 seconds will be 

be recorded to determine ploidy. We anticip 

require, Co image each ceU, dete^e *. ploUy. ^ ,ove to the next cell. 
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less than 30 minutes wil. be retired for the Penary inspection - - 

^ A capillary array holder will be manufactured to hold a 

t ' in lact registration with the antibody pads that are 
bu „dle of 96 cap.llar.es » ««t reg ^ ^ 

formed on the c ! L on! ce„ within each cap.l,ary. 

:XTo r::: 'e„ *. - - - *- - * p— - 

-^^XTi—have developed several high sensitivity 

multiple capmary fluorescence ^^7^7^ 
■ tt ^ patents identified above. The most recem 

m the U.S. patents cuvette. 

r^»" — • »— 

1 V 70 A laser 72 provides a laser beam that is passed 

^ « ^il A 74 Id 7 , l Senerate an eUiptlcaHy shaped beam. 
^^risanarsoWlase,^ ^ ^ ^ 

™ K a r,rf« a ss filter 80, a prism 82 and further 

— rS L~ — £2T- «• - show ; 

>0 camera lens 84 to a «^v_^ uniaue reeion of 

complete spectrum from each cap.nary. TOe P ^ 
25 carefully tuned to ensure there .s no spatial overlap 

each capillary. „„H in the region between adjacent 

Fluorescence is d.spersed in the teg 

•n Hes A Prism is used rather than a grating for two reasons. Fustly, the 
capillaries. A prism * ^ ^ ^ ^ ^ 

— p^-wou,/ interfere with the spectrum from accent 



30 

capillaries. 
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The detector of Figure 5 continually monitors fluorescence 
from aU capites and a, 2S wave.engths across the fluorescence spectra, 
LTd The system offers three significant advantages compared to 
band. The syst one . to .one image optics and 

5 elirmn * capillary array is imaged onto a 

a p latter is found when a large «n r 

ILL photodiode array. Secondly, .here is no loss in sensihv.ty due to a 
I Z cycle associated with a scanning detect across the array; a 96 
ZiUary scanning ins—, can observe fluorescence from any one 
l0 7 P TZ <°< - mL than , p. cent o, the time. », *ere is no loss m 
sensitivity due to sequential detection of fluorescence through a rotahng 

filter wheel or prism array. . 

Rather than recording the fluorescence from 28 

lengths simultaneously, fluorescence wiU be binned into two bands 
« ^responding to fluorescein and KMabeHed protein emiss.on spectra. Tlus 

binned data will occupy little computer memory. 

While the present invention has been described w.th 

reference to what are presently considered to be the preferred examples .t . 

Z be understood that the invention is no, limited to ,he dtsdosed 
20 examples. To the con,rary, the invention is in,ended to cover vanous 

modifications and equivaient arrangements included within the s P ,n, and 

scope of the appended claims. 

All publications, patents and patent applications are herem 
incorporated by reference in their entirety to the same extent as if each 
25 indilua. publication, paten, or patent application was specially and 
individually indicated to be incorporated by reference in its enhrety. 



